Effects of dietary aflatoxin (AF) and the antibiotics lincomycin (L) and tylosin (T) were evaluated in growing crossbred pigs. Six barrows (3 replicates of 2 each, mean body weight 14.0 kg) per group were assigned to 1 of 6 treatment groups (for a total of 36): 0 mg L, 0 mg T, and 0 mg AF/kg of feed (control); 220 mg L/kg of feed (200 g/ton); 110 mg T/kg of feed (100 g/ton); 2.5 mg AF/kg of feed; 2.5 mg AF plus 220 mg L/kg of feed; 2.5 mg AF plus 110 mg T/kg of feed. Barrows were administered their respective diets for 28 days. Body weight, body weight gain, and feed consumption were reduced by the AF alone, the AF plus L, and the AF plus T treatments, compared with control, L, and T treatments. Altered serum biochemical or hematologic meamyltransferase, increased hematocrit, hemoglobin, RBC count, WBC count, and mean cell hemoglobin, decreased serum concentrations of albumin, cholesterol, inorganic phosphorus, unsaturated iron binding capacity, total protein, and urea nitrogen, and decreased lymphoblastogenic response. Liver weight was increased, and microscopic lesions were consistent with those observed in cases of aflatoxicosis. With some other minor exceptions for hematologic and immunologic variables, these data indicate that the feed antibiotics lincomycin and tylosin, when added to aflatoxin-contaminated diets, do not have beneficial or detrimental effects on aflatoxicosis in growing swine.
The aflatoxins, a closely related group of polysubstituted bisfuranoscoumarins, are secondary fungal metabolites that may be produced by Aspergillus spp. on cereal grains and feedstuffs during growth, harvest, storage, or transportation. Although death may occur in animals following ingestion of aflatoxin (AF)-contaminated feeds, the most important economic impact comes from reduced productivity, altered reproductivity, immunosuppression, and pathologic effects on organs and tissues. 5 The sensitivity of swine to AF exposure and the AF-induced toxic effects have been well documented. 20, 29 Use of high-density diets and confinement rearing in current swine production and the widespread existence of mycotoxins in feedstuffs increase the likelihood that swine could be exposed to AF-contaminated feed. 5 There is understandable concern for AF exposure and demand for prevention or remediation methods to combat the toxic effects of AFcontaminated feedstuffs. 27 Techniques used include ammoniation, dietary addition of nonnutritive AFbinding compounds, 27 and alteration of dietary nutrients such as protein, fiber, lipid, and vitamins. 6, 9, 25, 30, 32 Current swine production practices in high-density confinement rearing facilities intensify the spread of contagious and infectious diseases. Because of the threat of swine dysentery, mycoplasmal pneumonia, and atrophic rhinitis during production, numerous feedadditive antibiotics are approved for swine diets. The ones most commonly used are lincomycin (L) and tylosin (T). Lincomycin, first discovered in the 1950s, is derived from Streptomyces lincolnensis (a soil organism isolated in Lincoln, NE), has an excellent activity against gram-positive organisms, has been used for treatment or prevention of infectious arthritis, swine dysentery, and mycoplasmal pneumonia, and is approved for use at 200 g/ton for up to 3 weeks. 1,21 Tylosin is a macrolide antibiotic patented in 1961 that was isolated from a strain of Streptomycetes fradiae found in soil from Thailand with predominant activity on gram-positive organisms. 2 It is approved as a swine feed additive for treatment, control, or prevention of swine dysentery, atrophic rhinitis, and swine pneumonia and may be used at 100 g/ton for up to 6 weeks. 1 Swine feedstuffs could become contaminated with AF, and many growing swine rations contain L or T. The objective of this study was to evaluate the interaction of AF and the feed additive antibiotics L and T in growing swine. Table 1 . Body weight, body weight gain, and feed consumption* of growing barrows fed diets containing aflatoxin (AF) and lincomycin (L) or tylosin (T) for 28 days.
Materials and methods

Pigs and diets. Fifty 4-wk-old crossbred (Yorkshire x
American Landrace x Hampshire) weaned barrows were individually identified, housed in concrete-floor indoor pens, and provided a starter diet and water ad libitum. Corn/soybean meal/whey starter diets (22% protein) either met or exceeded recommended critical nutrient concentrations. 26 After 14 days acclimation, 6 barrows (3 replicates of 2 each) were selected by body weight (mean body weight = 14.0 kg) and assigned at random to 1 of 6 treatment groups (total of 36 pigs): 0 mg AF, 0 mg L, 0 mg T/kg of feed (control); 220 mg L/kg of feed (200 g/ton); 110 mg T/kg of feed (100 g/ton); 2.5 mg AF/kg of feed; 2.5 mg AF plus 220 mg L/kg of feed; 2.5 mg AF plus 110 mg T/kg of feed. Barrows were administered their respective treatments for 28 days. The L and T utilized in diets were purchased from commercial sources. a,b
The AF was produced on rice powder in our laboratory by described methods 18, 23 and was incorporated into diets to achieve the desired concentration of 2.5 mg total AF/kg of feed. We chose this concentration of AF because it has consistently induced aflatoxicosis in growing swine when fed for 18 days. 10, [12] [13] [14] [15] [16] The rice powder was analyzed for AF content and was determined by high performance liquid chromatography to consist of 79% AFB 1 , 16% AFG l , 4% AFB 2 , and 1% AFG 2 . 22 The rice powder was added to diets not to exceed 1% of the basal diet. Treatment diets containing AF were analyzed and presence of parent AF was confirmed by gas chromatography/quadrupole mass spectrometry. 4 Measurements. Barrows were observed twice daily and weighed once weekly. Pen feed consumption was recorded weekly. Blood samples for hematologic, immunologic, and serum biochemical measurements were obtained from all barrows on day 28 by intravenous puncture via the cranial vena cava using evacuated tubes. c,d Hematologic measurements for red blood cells (RBC), mean cell volume, hematocrit, hemoglobin, and leukocytes (WBC) were made using a Coulter counter e as previously described. 11 Blood smears for differential WBC counts were stained with a modified Wright's stain and manually counted as described. 11 Mean cell hemoglobin and mean cell hemoglobin concentration (MCHC) were calculated. Serum biochemical values were determined using an autoanalyzer f by described methods and the manufacturer's recommendations. g,11,17 Biochemical an-alytes included aspartate transaminase, alkaline phosphatase (ALP), cholinesterase, and glutamyltransferase (GGT) activities, and albumin (Alb), calcium, cholesterol (Chol), glucose, inorganic phosphorus (P), total iron, triglycerides, urea nitrogen, unsaturated iron binding capacity (UIBC), and total iron binding capacity concentrations.
Immunologic measurements. Blood lymphocytes were collected as described above, and in vitro mitogen-induced lymphoblastogenesis stimulation index (uptake of 3 [H] thymidine) was used to evaluate cell-mediated immune responses to treatments. Blastogenic response to phytohemagglutinin (PHA) h was measured using reported procedures. 8, 19, 24 Stimulation index for each blood sample was calculated as counts in PHA-stimulated cells minus counts in nonstimulated cells divided by counts in nonstimulated cells.
Necropsy. On day 29, all barrows were euthanized, i and 2 replicates of 2 barrows each (total of 4) per treatment group (24 total barrows) were necropsied. Liver, left kidney, spleen, and heart were weighed, and organ weight was calculated as a percentage of body weight (grams/100 g). Specimens of liver, kidney, heart, and spleen were fixed in neutral buffered 10% formalin, embedded in paraffin, sectioned at 5 µm, stained with hematoxylin and eosin, and examined microscopically.
Statistical evaluation. Data were grouped by treatment and expressed as mean ± SD. Pen means for body weight, organ weight, feed consumption, feed conversion, and hematologic, immunologic, and serum biochemical measurements were subjected to analysis of variance 31 using the general linear model procedure . 28 Data were analyzed by pen, not as individual values. Significant differences determined by analysis of variance were compared using Duncan's multiple range procedure . 7 All statements of significance were based on P < 0.05.
Results
Final body weight, body weight gain, and feed consumption were reduced in the AF alone, and AF plus L, and the AF plus T treatments when compared with the control (Table 1) . No differences in these measurements were detected among the L, T, and control groups. Serum activities of ALP were increased in the 3 AFtreated groups, and GGT activities were increased in the AF and AF plus T treatments (Table 2) . Serum concentrations of Alb, Chol, P, UIBC, and urea nitrogen were decreased in the AF, AF plus L, and AF plus T treatments as compared with control and L or T treatments, and concentrations of total protein were decreased in the AF plus L and AF plus T treatments. Hematocrit and hemoglobin were increased in all AFtreated groups, RBC was increased in the AF-alone treatment, and MCHC was increased in the AF-alone and AF plus T groups when compared with controls (Table 3) . Compared with control, total WBC was increased and absolute numbers of monocytes were increased in the AF plus T treatment group (Table  4) .Treatment-related differences were not observed for lymphocyte, band, eosinophil, or segmented neutrophil differential counts (data not shown). Treatments of AF and AF plus L significantly decreased lymphocyte/segmented neutrophil ratio as compared with controls. All 3 AF treatments induced changes in WBC morphologic features. Morphologic abnormalities included ghost lymphocytes, frequent band cells, mod-erate crenation, atypical lymphocytes, vacuolated monocytes, and moderate acanthosis. Severity and frequency of abnormal WBC morphology were increased in differential smears of the AF plus T treatment group when compared with observations of control and L and T treatment groups (data not analyzed). Lymphoblastogenic responses to PHA were decreased in the AF-alone and AF plus T treatments, whereas the AF plus L treatment value was intermediate between the values for these 2 treatments and those of the controls (Table 4) .
At necropsy, liver from the AF, AF plus L, and AF plus T treated barrows were pale tan, rubbery in consistency, and resistant to cutting. Liver from the L-alone to T-alone treated barrows could not be distinguished from liver of control barrows. The relative weights of liver were significantly increased in the AF (3.65 ± 0.43%), AF plus L (3.97 ± 0.74%), and AF plus T treatment groups (3.42 ± 0.25%) as compared with the control (2.67 ± 0.18%), L (2.77 ± 0.15%), and T (2.77 ± 0.24%) groups. Statistical differences were not detected in relative weights of kidney, spleen, or heart (data not shown). Microscopic lesions were Table 3 . Hematologic values* of growing barrows fed diets containing aflatoxin (AF) and lincomycin (L) or tylosin (T) for 28 days. not observed in sections of kidney, heart, or spleen of any of the treatment groups. Microscopic lesions were consistently present in liver of barrows of the AF, AF plus L, and AF plus T treatments. The lesions consisted of mild to moderately severe hepatocellular lipidosis accompanied by early interlobular fibrosis. Bile duct hyperplasia was occasionally present in liver of some barrows in each of the 3 AF groups. Neither the L treatment nor the T treatment decreased the presence or severity of the hepatic lesions.
Discussion
Underperformance induced by AF treatments in barrows of this study is comparable with that induced in swine by comparable dosages of dietary AF. 12, 13, 15, 16, 18 Body weights in the present study were reduced by 23% in the AF-alone treated barrows, by 25% in the AF plus L treated barrows, and by 26% in the AF plus T treated barrows, indicating no protective or detrimental effects of either antibiotic on performance measurements. Lincomycin and tylosin are both recognized and approved for addition to swine diets to improve weight gain and feed efficiency. 1 Although there was a numerical increase in body weight and body weight gain in the L-alone and T-alone treatments, the differences were not statistically significant.
Barrows of the AF-alone treatment had alterations in serum values of ALP, GGT, Alb, P, Chol, UIBC, and urea nitrogen. These serum biochemical changes are consistent with aflatoxicosis and liver disease induced by AF in growing swine. 10, 12, 13, 15, 16, 18 With the exception of a decrease in P concentrations of the AF plus L group, pigs that were treated with AF plus L or AF plus T did not have serum concentrations of the above analytes that were different from AF-alone treated pigs. It is unknown why in this study, L in combination with AF decreased serum P concentrations beyond those of AF alone; however, in previous studies, exposure of swine to AF-contaminated diets decreased serum P, and it was postulated that this reduction was due to reduced intake, increased excretion, or both. 10, 12, 13, 15, 16, 18 In the present study, another possible explanation for altered serum P concentrations could be a chemical interaction in the metabolism of L by the liver, thereby affecting excretion of P by the kidney. Lincomycin is highly metabolized by the pig and the identities or activities of 50% and 83%, respectively, of urinary and fecal metabolites are unknown. 21 The hematologic changes induced by AF in the present study are consistent with those reported for swine consuming AF-contaminated diets. 10, [12] [13] [14] [15] [16] 18 It is unknown how the combination of AF and T interacted to detrimentally increase WBC, induce monocytosis, and decrease the lymphocyte : neutrophil ratio. However, the decreased lymphocyte : neutrophil ratio and the decreased lymphoblastogenesis seen in the AF plus T treated barrows of our study could have a detrimental effect on the ability of those animals to resist infection. Leucocytosis, composed of a neutrophilia, has been associated with aflatoxicosis in swine, 10, 15, 16, 20 and AF is reported to induce immunosuppression, 5, 20, 29 which leads to greater risk of bacterial infection. Assuming a bacterial infection in the present study, the addition of T to AF-contaminated diets in our study may not have had an effect because of lack of antibiotic sensitivity of the microorganisms or the possibility that the efficacy or metabolism of T was altered by the hepatotoxicosis induced by AF. Continuous feeding of T for 77 days is reported to alter the natural microflora in growing swine and to increase the ratio of macrolide antibiotic-resistant : antibioticsensitive gram-positive bacteria in the nasal cavity, gastrointestinal tract, and skin. 3 Various intoxications and drugs are reported to induce leucocytosis or leucopenia, 33 and the WBC profile of the AF plus T treatment in the present study may merely reflect an interaction of toxic and therapeutic agents. However, the AF-alone and the AF plus L treatments in our study did not have WBC counts that were different from control values nor were morphologic abnormalities observed as frequently in the WBC counts of the AFalone or the AF plus L treated barrows compared with the WBC abnormalities of the AF plus T treated barrows. In the present study, cell-mediated immune response was adversely affected as indicated by decreased mitogen-induced lymphoblastogenesis in the AF-alone and the AF plus T treatments. The addition of L to an AF-contaminated diet did somewhat ameliorate the toxicosis of AF with respect to lymphoblastogenesis in that treatment.
Hepatic lesions and increased liver weight observed in the present study have also been reported in cases of aflatoxicosis in growing swine. 10, [12] [13] [14] [15] [16] 18 The addition of L or T to AF diets did not appear to affect pathologic changes.
The clinical findings and clinicopathologic data suggest that a diet of 2.5 mg AF/kg of feed induced aflatoxicosis in growing barrows. The addition of L or T did spare some of the hematologic and immunologic toxic responses attributed to AF. The use of L further decreased serum P and the use of T further increased WBC counts in AF-treated barrows. On the basis of overall evaluation, our results indicate that the feed antibiotics L or T, when added to AF-contaminated diets, do not have beneficial or detrimental effects on aflatoxicosis in growing swine. 
Sources and manufacturers
Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the US Department of Agriculture and does not imply its approval to the exclusion of other products that may be suitable. 
